Etiolated pea (Pisum sativum) epicotyls synthesize a buffersoluble cellulase (cellulase A) and a salt-soluble cellulase (cellulase B) (EC 3.2.1.4) after treatment with high (0.5%) auxin levels. Only cellulase A increased in activity after treatment with low (0.005 % ) auxin. Cellulase A was released into the supernatant after homogenization of tissue in dilute buffer (buffer-soluble), had a pH optimum at 5.5, was relatively thermostable, and its activity was inhibited by NaCl. Cellulase B was released by 1 M NaCl (salt-soluble) from excised tissue segments or from the insoluble residue remaining after removal of the buffer-soluble form. It had a pH optimum at 7.0, was thermolabile, and required salt for maximum activity. When subjected to polyacrylamide gel electrophoresis, the cellulase fraction released by NaCl from excised segments showed two bands of celiulase activity compared to several for the buffer-soluble fraction. Electrophoretic analysis of the buffer and salt-soluble fractions for marker enzymes indicated the presence of malate dehydrogenase activity in all fractions and glutamate dehydrogenase activity in the buffer-soluble fraction only.
Cellulolytic enzymes increase in activity in some fruits during ripening (7, 9, 10, 17) , in abscission zones of petioles prior to leaf abscission (1, 3, 12, 13) , in rapidly expanding epicotyls after auxin treatment (8, 16, 19) , and appear to be involved in pollen tube elongation (22) . Evidence suggests that more than one molecular form of cellulase (EC 3.2.1.4) may be involved in these diverse physiological plant processes. For example, based on differential salt extraction (12, 16) and isoelectric focusing (13) , there are at least two molecular forms of cellulase in abscising bean petioles and pea epicotyls. Superimposed on these controls over molecular form appears to be a hormonal regulation of the development of cellulase isoenzymes (14, 18) and of cellulase compartmentation (3) in abscission zones of bean petioles.
When etiolated pea epicotyls are treated with auxin or ethylene, the region below the apical hook expands laterally (15) . Even though both hormones produce morphologically similar responses (4, 15) , an increase in cellulase activity has been detected only after auxin treatment (16, 19, 20) . The present work provides evidence that in the expanding pea epicotyl, auxin and ethylene each appear to control the development of a different form of cellulase and each enzyme possesses different requirements for activity and apparently differing subcellular locations and isoenzyme complements.
MATERIALS AND METHODS
After 7 to 8 days growth, etiolated pea (Pisum sativum) seedlings were decapitated and the epicotyls were treated with auxin (indoleacetic acid 0.5%, except where indicated) as described previously (8) . Two to 4 days later, salt-soluble and buffersoluble cellulases were extracted from apical, swollen tissue segments which were approximately 10 mm in length. Tissue samples (1 g) were homogenized with mortar and pestle in 20 mm sodium phosphate buffer (pH 6.5, 1 g/ 2 ml of medium) containing 0.02% NaN. (as a precaution against microbial contamination). The homogenate was centrifuged (37,000g, 10 min), and the supernatant containing the buffer-soluble cellulase fraction was saved. The pellet (buffer-insoluble residue) was washed twice in homogenization medium (1 ml/g fresh weight of tissue), and after centrifugation, the supernatants were combined. (In the experiment presented in Table I , the buffer-insoluble residue was collected by filtering the homogenate through three layers of Miracloth.) The residue, whether collected on Miracloth or by centrifugation, was resuspended in buffer containing 1 M NaCl and after 10 to 20 min centrifuged at 37,000g for 10 min. The supernatant contained the salt-soluble cellulase.
Salt-soluble cellulase was also obtained in situ from swollen tissue segments in a manner similar to that described by Abeles (3) . Tissue segments (1 g, 1-2 cm) were vacuum infiltrated at 0 to 3 C for approximately 2 min in 2.5 ml of infiltration medium containing 20 mm sodium phosphate buffer (pH 6.5), 0.02% NaN,, and 1 M NaCl. After 2 to 3 min, infiltration was complete as evidenced by the lack of air bubbles being released by the tissue. Vacuum release followed by repeated vacuum treatment did not appreciably enhance infiltration. Tissue was then placed in a plastic syringe and the syringe in turn placed in a 12-ml centrifuge tube. The apparatus was centrifuged in a clinical centrifuge (about 500g) at 1 to 3 C. Approximately 0.3 ml of fluid (termed "exudate" in text, tables, and figures) was released from the tissue and collected in the centrifuge tube. any salt-soluble cellulase activity and then clarified by centrifugation at maximum speed in a clinical centrifuge at 0 to 3 C. Aliquots (0.06 ml containing 5-20 ,ug of protein) of the supernatant were added directly to the CMC assay mixture. The heat-inactivated preparation plus slices from a gel electrophoresed with buffer (minus enzyme extract) were used as a background control (background activity was 0-15% of that activity present in the enzyme preparation prior to electrophoresis).
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Malate (6) and glutamate dehydrogenase (11) isoenzymes were detected after electrophoresis by staining in 4 mm tris-HCI (pH 7.4) containing 2.5 mg of phenazine methosulfate, 12.5 mg of nitroblue tetrazolium, 7.5 mg of NAD, and 25 mM malate or 50 mm glutamate.
Pea seedlings treated with ethylene were grown in the dark in glass jars approximately 8 liters in size. When third internodes were 1 to 3 cm long, a second jar was inverted and placed over the first, the two being separated by a rubber 0-ring. Air (500 cc/min) or air plus ethylene (final ethylene concentration, 70 ul/l) was supplied to seedlings continuously. Syringe needles through the 0-rings allowed the air or airethylene mixture to flow through the glass chambers. All work with seedlings was done in the presence of weak, green light.
RESULTS
Extraction of Buffer-soluble and Salt-soluble Celiulases. Con- Ethylene also produces a swelling response in intact, etiolated seedlings (4); therefore, the distribution of cellulase was determined after treatment of seedlings with 70 uld/I of ethylene. After 24 hr of treatment, a swelling of the tissue and an increase in the salt-soluble cellulase activity associated with the buffer-insoluble residue was evident (Fig. 2) . There was no consistent effect of ethylene on buffer-soluble cellulase activity even up to 72 hr of treatment (Fig. 2) Exaction of Cellulase in Situ. The association of the saltsoluble form with a fraction (the buffer-insoluble residue) consisting predominantly of wall material, suggested that enzyme activity might also be associated with this fraction in the intact tissue. Methods have been described which are believed to extract enzymes associated with the cell wall (3). The technique involves infiltrating excised tissue segments in distilled water or in medium containing salt, and then removing "intercellular fluid" (termed "exudate" in tables and figures) by centrifuging the tissue segments intact. Table III indicates that with excised segments from auxintreated seedlings, 1 M NaCl released more cellulase than 50 mm CaCl2, the concentration used by previous workers (3, 24) using the in situ extraction method. In the presence of buffer alone, only small amounts of cellulase were extracted. Little or no ble cellulases, respectively) was dialyzed (0 C, 16 hr) against a 200-fold excess of the same buffer containing 0.22% NaN3. After dialysis, phosphate buffer (1 mM) was added to the CMC assay medium to give a flow rate similar to that of the standard CMC (0.85%) assay medium. Prior to assay, the buffer-soluble enzyme extract, containing 20 mm sodium phosphate buffer (pH 6.5), was brought to 1 mm phosphate buffer (pH 5.5) by passage through Sephadex G-10 (column equilibration and enzyme elution was with 1 mM sodium phosphate buffer at pH 5.5). Preparation of the salt-soluble enzyme fractions was as described in "Materials and Methods" except the phosphate buffer used to solubilize the enzyme was reduced from 20 mm to 1 mm at pH 7.0. NaCl at increasing levels was added to assay media before addition of enzyme. NaCl (1 M) in the saltsoluble enzyme extracts was considered in calculating the final NaCl concentration of the assay medium. The lowest NaCl concentration tested was that amount present in the smallest enzyme aliquot from which enzyme activity could be readily detected. These levels were 20 mm and 60 mm NaCl for the exudate and residue-wash enzyme fractions, respectively. For comparative purposes, enzyme activities for the exudate and residue-wash fractions were relative (100%) to values obtained at 50 mm and 60 mm NaCl, respectively. Results represent the average of two experiments with each treatment done in duplicate.
cellulase activity was lost from the tissue into the medium during infiltration (Table III) .
Effect of NaCl, pH, and Temperature on Cellulase Activities. Salt-solubilized cellulase activity, obtained by the in situ method (exudate) or from the buffer-insoluble residue (residue wash), was increased by increasing the NaCl of the assay medium to 20 mm (Fig. 3) . Higher concentrations inhibited activity. No enhancement of buffer-soluble cellulase was observed. In fact, buffer-soluble cellulase was inhibited 40% by 20 mM NaCl.
The buffer-soluble cellulase had a peak of activity at pH 5.5, compared to 7.0, for salt-released cellulase (Fig. 4) . The shoulder of activity at pH 5.5, for cellulase released from the bufferinsoluble residue (residue wash), indicates a possible contamination of the preparation by buffer-soluble cellulase. The buffer-soluble and salt-soluble cellulases had optimum activity at 35 and 25 to 30 C, respectively (Table IV) 4 . Effect of pH on buffer-soluble and salt-soluble cellulase activities. The assay medium was prepared as follows. CMC (0.85% final) was added to medium containing 22 mm sodium acetate, 0.22% NaF, and 22 mm sodium phosphate buffer at pH 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, and 7.5. The addition of CMC usually caused a slight deviation from the desired pH; therefore, 22 mM NaH2PO4 was added to adjust to the desired pH. Sufficient NaCl was added to the salt-soluble cellulase assay medium such that the final concentration (including NaCl in the enzyme extract) was 0.2 M. Results represent the average of two experiments with each treatment done in duplicate. 5a ). Approximately 85% of the activity extracted from the gel was associated with the peak migrating to the front. Multiple peaks of activity were observed from gels of the buffer-soluble preparation (Fig. Sb) . Inclusion of 1 M NaCl in the buffersoluble extract prior to electrophoresis did not alter the zymogram pattern, indicating that it was not the presence or absence of salt in the extracts which caused the different patterns. Cellulase activity released by salt from the buffer-insoluble residue fraction (residue wash) yielded a zymogram unlike either of the other two fractions (Fig. Sc) . In all cases, electrophoresis was done with freshly prepared extracts, and the activator preparation plus slices from a gel subjected to electrophoresis with buffer (minus enzyme extract) was used as a background control. In spite of these precautions, the absolute number of isoenzymes detected in each fraction should be considered as tentative because of the unknown nature of the heat-inactivated additive.
Compartmental Analysis. Previous workers assumed that the fraction obtained in situ from excised segments contained only extracellular, wall-associated enzymes (3, 30); however, they did not test the "exocellular" fraction for intracellular enzyme markers. We have tested the buffer-soluble fraction and both salt-soluble fractions for malate and glutamate dehydrogenases.
Five bands of malate dehydrogenase activity were detected in the buffer-soluble fraction (Fig. 6) . Three of these, designated B, C, and D, were present in the NaCl exudate and one of these, isoenzyme D, was consistently present in the CaCl2 exudate and residue-wash fractions (Fig. 6) . Malate dehydrogenase isoenzymes have been found in soluble (cytoplasmic), mitochondrial, and microbody compartments (21) . One band of glutamate dehydrogenase activity, a mitochondrial enzyme in pea epicotyls (6) , was found in the buffer-soluble fraction (37,000g supernatant), but none were in the exudate or residuewash fractions (data not shown). The second method, vacuum infiltration of excised tissue segments (in situ extraction method) followed by collection of the infiltration medium by centrifugation, yielded a second cellulase with the following properties: (a) release dependent on NaCl. (b) optimum activity at pH 7.0, (c) activity stimulated by NaCl, (d) optimum activity at 25 to 30 C, (e) 90% inhibition of activity at 40 to 45 C, and () possession of two isoenzymes upon polyacrylamide gel electrophoresis.
DISCUSSION
The third method involved treating the buffer-insoluble residue (obtained after removal of buffer-soluble cellulase during the first method) with 1 M NaCl and then sedimenting the remaining insoluble material by centrifugation. The supernatant contained a salt-released cellulase which, in contrast to the in situ extraction method, contained considerable contamination by buffer-soluble cellulase activity. This was indicated by the CELLULASES FROM PEA 491 shoulder of enzyme activity detected at pH 5.5, (Fig. 3) All fractions were from 2-day-old, IAA-treated pea epicotyls, and were the same extracts used in obtaining the cellulase zymograms of Figure 5 . Column at right indicates relative intensity of isoenzyme activities. Anode is at the bottom of the figure. Approximate number of isoenzymes 6 2 Activity increased by Auxin Ethylene salt-soluble cellulase (following removal of salt during electrophoresis) to proteins present in this fraction, but not present in the exudate fraction.
In the abscission zone of kidney beans, two forms of cellulase are also found based on their salt solubility (12, 13) . We have termed the buffer-soluble and salt-soluble cellulases as cellulase A and cellulase B, respectively (the properties of which are summarized in Table V) . This was done for the sake of brevity, and to distinguish plant cellulases from the fungal cellulases where a C1 and C1 method of nomenclature is used (23) .
With pea epicotyls, as with the abscission zone of bean (14, 18) , ethylene alone caused a rise in cellulase B but not cellulase A activity (Fig. 2) . It is well established that high auxin levels can induce ethylene formation (2) . When the auxin level was reduced from 0.5% to 0.005%, no increase in cellulase B was detected, but cellulase A activity was increased 4-fold (Table II) . Thus, it would be reasonable to conclude that in seedlings treated with high auxin levels, the increased synthesis of cellulase B occurred in response to the induced ethylene, and cellulase A in response to auxin.
Analysis of both salt-soluble fractions (exudate was obtained in the presence of 50 mM CaCl1 or 1 M NaCl) for an intracellular marker enzyme revealed the presence of one to three bands of malate dehydrogenase activity, compared to five bands in cell-free extracts (Fig. 6 ). We concluded, therefore, that the exudate and residue-wash preparations were contaminated by intracellular enzymes. Glutamate dehydrogenase, a mitochondrial enzyme in pea epicotyls (6), was absent in both salt-soluble fractions, but it was present in the buffer-soluble fraction (37,000g supernatant, data not shown). Intact mitochondria would not be expected to occur in dilute buffer without a supplemental osmoticum. We must conclude that the buffer-soluble fraction, contaminated by at least one organellelocalized enzyme, was not truly indicative of the cell's cytoplasmic phase. The lack of glutamate dehydrogenase activity in the exudate fraction at least indicates that mitochondria remain intact during the in situ extraction method and their enzymes do not leak from the tissue. 
